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5 PSPI-A A8}k, CPSP1-A xf DPPH-#=-OH # ik 4% &, LR /1 34 3% fa st ABTS™ B g A 75tk /1 F % % SPSP1-A xf
VAL Z A0 B g 6 E e 4R B 39 39 3%, 10 mg/mL B 5F DPPH - - OH #= ABTS® « 49 i b % 4 %] 4 98.70% .95.72% #=
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Purification , Sulfation Modification and Carboxymethylation
Modification of Polysaccharides from
Polygonatum sibiricum and Its Antioxidant Activity
ZHANG Yao-yao,ZHANG Meng,HU Yue,REN Jian-wu"

(College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China)

Abstract: Using Polygonatum sibiricum ( PS) as raw material, ultrasound — assisted exiraction was utilized to extract
polysaccharides from Polygonatum sibiricum ( PSP ), then the polysaccharides were purified by DEAE - 52 cellulose
chromatography and Sephadex G-200, pure polysaccharides( PSP1-A) were obtained.Sulfated polysaccharides( SPSP1-A ) was
prepared by concentrated sulfuric acid method, and carboxymethylated polysaccharide ( CPSP1—A') was prepared by sodium
hydroxide—monochloroacetic acid system.Fourier transform infrared spectroscopy ( FTIR) was used to verify the structure of the
derivatives, and the antioxidant activity of PSP1 - A before and after modification was compared by in vitro experiments. The
results showed that the sulfated polysaccharides with a degree of substitution of 1.44 and the carboxymethylated polysaccharides
with a degree of substitution of 0.49 were obtained.At the maximum concentration of 10 mg/mL, the scavenging rates of DPPH -
and -OH of CPSPI-A were 74.69% and 91.27% , respectively. Compared with the unmodified PSP1- A, CPSP1- A improved
DPPH- and - OH removal activity, enhanced reductive power, but reduced ABTS" free radical scavenging activity while
SPSP1-A enhanced scavenging effects on the above three free radicals,the scavenging rates of DPPH-, - OH and ABTS" - at
10 mg/mL were 98.70% ,95.72% and 97.87% ,respectively,and the reducing power was significantly improved ,the SPSP1-A
reducing power was more than three times that of PSP1-A at the concentration of 10 mg/mL.Both modifications were effective
ways to improve the antioxidant capacity of PSP1-A.
Key words: polysaccharides from Polygonatum sibiricum; sulfation modification; carboxymethyl modification; antioxidant
activity
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ks ( Polygonatum sibiricum , PS) J& 3% [ {4 48 v
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M ROC 2R i — 2 F ST R AL B %, I S O R
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1 #MR5E7EE
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BORE R A AL M X, 2017 42 10 H ; DEAE
LT YR W R MEEENE Sephadex G-200 [ gt/
YR BRAS T s A0 JCK S B =5 LR kR
2 B IR IR (S LR AR AL B ER A
WM — =44 .DPPH ABTS i B iR 81 RS ALFT . oK
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)3 LGJ- 10N 5@ A B 25 R AL bt W 2 AEHBE
Bk BARAE ;L100-1S-1 #BEFIE  2HEHE 7
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HR R BMUR R & R A R AT

1.2 ZWH*E

12,1 SRS MR EC S IRE% SChl 1 J7 Bk, B
T 158 J £ EORG , TE WE AW -, F 40 °C e BRVIE R 3
R RFEP T4 12 h, By 5 60 B 6, By KW i

46 20194 52141

WR SRt

TR A . B 200 g BORSHKG , $2 20: 1 (ml/g) B WOE
LM A ZE 17K 800.0 mL, i 5 @ 7= Ty 180 W, /=
B [A] 60 min FEATHE A5 HEHL, SR J5 40 C /K 15 ming
L) 8000 r/min (%% 3 B .0 10 min, HL 5 W& =4
BRI N (AR PR TR ,60 C gz = —E AR, i1
FEARFRTCIK ZBEFE 4 °C VKFRBEDT 14 h, 28 8000 1/min
B SR ZBED0TE , BT 1S B 2B R .
1.2.2 ZHIEENE =08 2015 R P E2581)
SRFHZREY - GR R v . BV DA A5 260 B8 Sl A o B 5, iC
90 wg/mLEEM . 43 ANTE 6 LA Hhoin A 25 M AR
(0.0.2.0.4 .0.6.0.8 1.0 mL), Hi7K %] 1.0 mL, 4351 [
HrpimA 1.0 mL 2R (5% , W/ V) ,5.0 mL ¥4
iz , SR ELR 7.0 mL, $25] 5 3 K # 20 min, 2R 5
SERPYKHE 5 min, 7E 488 nm Lb I 5 W YGAE , £ il bR
ek,

1.2.3 MG aift

1.2.3.1 DEAE-52 4R AE)2 0 OB 4T T b
HR B M S5, R BB ORE KL 2 B B oK 500 mg i T
10.0 mLIEME K F, B0 (8000 r/min) B AREEY, it
0.45 pm JERAS R 35, FHIRAE 18 LR, 4331 A
WIS ATE AR I 2848 7K .0.2 F1 0.5 mol/L NaCl ¥ It #k
PHATERME . TE R VAT Y 1.0 mL/min, F 3L
SRR B, B4 10.0 mL, R — B AR 7 IR i
A A R 5 1, AU B X N P4 A PRV TR, TR 44 R
To EEFRIW/KIEEAE, & £145 R 5= 7R mK
VERRER 43 PSP, #2 1.2.1 Jyieds (BEDT VB0 AT,
F7 N —alifk .

1232 HREERENT HZid DEAE-52 43 )5
FYZ 8% 100 mg, 7T 2.0 mL 28R /K, LIRSS 2808
IRAE SRy P B MR - RE P B, fE R R U T TR R
1.0 mL/min, H ZHIAERF 4 L 10.0 mL, R - 6%
i 2 SR B R 0 4 A B B, A PR ST N 1 A NI
W, AR R T A5 B 4lifb 2 85 (PSP1-A) |, 543 Z8 1K
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AR SR ) T R AR AT

1.2.4 RS ZHHAiEE U

1.2.4.1 PSP1-A ¥4 KA N B 10 mg
PSP1 By, INZEAR /K #4508 1.00 mg/mL ¥ . BGE
VAW 190~900 nm SR NPT S04 ik K d 4,
FRIBKIAZE el 4 2 KB .

1.2.42 PSP1-A [T EIE  RASER IS5
o3 v W 2 4l Ak 2 B 09 4 F Bo. W sh A NaCl
Na, HPO, 7Kk s Mw I i 75 Bl : 500 ~ 109 Daltons ; #£
#H.25 °C ;i3 :0.8 mL/min ; (3% 4E . SB—802.5HQ ; K
M2 . Shodex SB—806M 715 2= FT G 46 I #% ; PE AL+
100 pL,

PAEBF R NEE R, B as g b B X 25 8 K
AT U AL o LAAL T A 975 70 B A D0 RS B i
W B 10 mg Z B PSP1, fin /K fifi £5 I V& e & oM
2.00 mg/mL, FEZE IR T i 1k 3 5%, {8 0y oK 35 45 % %
] B R SR i LR R i (BN mT I ZURE 3 . R
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12,5 #ZRBRRILIE 2B s EEE" M
WFFE, Gk HL 4.0 mL IE T B8 T ks SR b i AR DS = %

A REFTEFE, ]l Hoh B8 i A BRI 12.0 mL, i $f
5 min f5 A 300 mg #ilig4% . i+t 10 min {R5) 5 A
HoAhn A 800 mg slifb 28, FFWEFE RN 30 min, X
J 45 B 5 ST B A 2.5 mol/L NaOH ¥ ¥ & pH Jy
7.0,4000 r/min 2.0 15 min, B 35 JH 228 /KB
3d,5:4 h#—UOK. BHTEEWRESE, HAETKZ
BT, 8000 r/min B0 R WA TLEE , B a5 B TR,
152 Wil fb 22 B (SPSP1-A)

1.2.6 ®AiEZHig®RP IL{biEim =08 Machova
G RIESE K PRSI AL Z2 8 500 mg, i H FE S0
fitF 38.0 mL JlT 43 F0 N 20% 1) NaOH ¥ W H,
30 ClIEHIEIESHHEFE 60 mim, [H AR RFINA 6%
HOBR(W/V, Fo/K L EEEE M) 50.0 mL, Fo 458+
215,55 CIEHIBRKIBIRGERF RN 5 h, BHAE=R
J5 LA 2.0 mol/L HCl #E35 ¥ pH Z ik, B 14835
Hr3 d(4F4 h #—RZEMWAK) , AT, B2
TR S R H I ZHE(CPSP1-A)

1.2.7  BAREE )

1.2.7.1  BRERFEBUCEE (DS) Myl 2 R &1k
B — WP eyt g 00 A R R R 1 ROAQ B L L IR L AR
HERMZR FREL 2 g BH AN 400.0 mL ZE 48 /K % i, T
4 CYRFATEE 12 h BRI BAREW (T ). FRELL g
SALENEE R T 200.0 mL B 2 75 i v 45 21 44 fk 400 - BH
JRE () 4 CIRAFE . FREL60 mg GRERET , L)
1.0 mol/L K W2 %5 Wk aZ 45 22 100.0 mL 15 2 fin iR £ b
HEW (0.60 mg/mL) . 533| FHFE WAE I EL 20 .60 ,100 |
140,180,200 pL #R#EM T 6 324 v, il 1.0 mol/L

W), A 3.8 mL 8% 1 =4 L MRIF W (W/V , 7848
IR SIS IMA 1.0 mL T3, 4IRS =R T
FE 20 min,360 nm AbIAS U SEIE A, o B 1T e N
I WTESE R EAE, WA OCIE Ao DIBRIRAR MR E
RREAERR A, — A, Z(E IR BRIl AR AE T 2R o
1.2.7.2  SPSP HUfCEEMI % HL 10 mg SPSP #y A Tist
b in A 1.0 mL 1.0 mol/L £ a7 W I T8k K i b
SR 5 h, 2 B AR o fl £k b 0% O 325 I R A TR 2k BA R
S 7730 W N7 Wy = A

S(%) =% % 100

162 x S%

DS =3300 —102 x 5%

.S Ny SPSP1— A R RAR BS T & &, % 5
C }SPSP1-A AWV, mg/mL; V Jy SPSP1—A %
AT, mL; W & SPSP1-A 3K Jii &, mg.,
1.2.7.3 R SEACBURBE M5 AR JE Wang 250
FIJTH:, BREL CPSP ¥y 2K 50 mg & T EEAF, I A
0.1 mol/LERFRYS MK 2.0 mL, FHHEFEIR ST, i 2 HHsE &
VR, T 0.1 mol/L 1% NaOH #5347 W 2, AR ¥
pH IKE] 2.1 F14.3 i Frdg ki (A8 V, \V, 32 DU 2
KA B, A=A .

M 25 CPSP1-A Jiiht, g; C 2y NaOH ¥k i,
mol/L .

1.2.8  £I4M 5T 435I EL PSP1— A (SPSP1-A |
CPSP1-A ¥y AR 4% 10 mg, g X T #4640 CHL+
24 h KRS R 5 3E B AL AT SRR A, 7R IS G
ERAP TR AT, R 1 mm 3 A, {5 FH 2T A1 61k 45 )
E 4000~400 cm "I BERE BB LTSN K,

1.2.9  HrEfeis e e

1.2.9.1 5 DPPH [ /| 3L gE Ny £ Eskandari
P I R RS VE Sl , B S S AR, AR i H
LA 1.0 x 10 ™ mol/L {1y DPPH— Z, B %% 2.0 mL,
0.2 mol/L pH =7.0 fYBEIREL 2% vk 1.0 mL, 735 I A%
&4 (2.00 4.00 .6.00 8.00 .10.00 mg/mL)2.0 mL, %)
Ja IR N #E B4 W 30 min, 7E 517 nm &4 2 B
JEWOCE A, , LLIJE/K B DPPH 152G 1H A,
VIZEAR KA 2 WA s A5 2 IOCIE A, I LIRS
100 %14 V. %8 (0.02 .0.04 .0.06 .0.08 .0.10 mg/mL) {E
EEE o RiENS

DPPH F H B0 BRI A2
Ao _(A] _Az) x

A,

A A, SRR BEAE & (PSP1— A (SPSP1-A |
CPSP1-A V) &AW YG1E; A, i TGk & B
DPPH [ Z: LU X BRI OSGAE ; A, S Z8 18 K AR AE S iy
25 AN BRI OGAE .
1.2.9.2 15k ABTS G a3tgE Sy HRIE Wootton —
Beard %57 [ 5256 J7 25 R4 ME 2k 30, B 10.0 mL ABTS
W (7.0 mmol/L) 5 10.0 mL i i MR 8 ¥ W&
(15.0 mmol/L) JR4J , 7E 4 °C ykFa h RGNV 16 h, 52
KRTHH pH =7.4 [WBEEE Eh 2% vh i A TR RS, o IS N TR
B SEAE ZE 734 nm Ab3K %] 0.70 +0.02 , f55] ABTS T.
VEW . B 5 2yl ARk o in A ABTS T 4E
W 2.0 mlL, £ M £ & (2.00, 4.00. 6.00, 8.00.
10.00 mg/mL)0.2 mL, J& & ¥ 57, = i T k56 & N
20 min, % 734 nm KW SGIE A, , LAZERRK A E £
PEEE SR A B S (E A, , IT LURG B 100 f5 80 V. W
(0.02 .0.04 .0.06 .0.08 .0.10 mg/mL) VE FH % BE .

ABTS H i J5 B 1A=

-A

A
R(%):%xloo
0

A, A A HE AR AL (PSPL- A (SPSP1—A |
CPSP1—A V) R I SV IS W CAE s A, 7RIk =5

R(%) = 100

SEELLS R
1.2.93 WEEREEL A M EERE ) SRR IR LAk,

MRS BT FE RS VR S, B S S il as , ik
[ FH A 9.0 mmol/L /KA R — £ AW 0.5 mL, f3f
IMRE 5 (2.00 ,4.00 .6.00 .8.00 ,10.00 mg/mL)2.0 mL,
9.0 mmol/L R k¥ #E 0.5 mL, Z81H 7K 6.5 mL, fx
JEIA 8.8 mmol/L H,0, %k 0.5 mL, 7F 37 °C {5
IR 5 P 7K ¥ I i 30 min, Il %2 510 nm &b W% SG{E
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Ay, LLZEIR KA B iR WV AR S WA B B (E A, BUE
YERRARERFE SL AR SEAE Ay, 3T DA B 100 1509 V.
W (0.02.0.04,0.06,0.08.0.10 mg/mL) 4 BH 1k
X RE

AL A R IE BRI R A
A, —(A, —A,)

A3

K A, SN [FHR AR (PSPL—A (SPSP1—A |
CPSP1—-A V) R0 N S5 W O'GAE s A, R 788 7K B
ARV K 25 T R DG s Ay SR ZEAR/K 25 4l WOBAE .
1.2.94 GRS HREIK SRR i fF 58 R VE
2% 05 SyE Ui AR U A Hrp i A 1% A i
W(W/V)1.0 mL,pH =6.6 FUBERRELZZ i 1.0 mL, £F
ML 5 (2.00 ,4.00 ,6.00 .8.00 . 10.00 mg/mL) 1.0 mL.,
RA)E THEEKE G 50 C AR 20 min, T [4] )2
R HIIA 10% =EH LR W (W/V) 1.0 mL, JE5]
J& 4000 r/min B .0> 10 min & B U0 3E, B LW W
2.0 mL, FR U AZEIE /K 1.0 mL,0.1% S ALERIE W
(W/V)0.4 mL,ZE{E )W 10 min 5T 700 nm &b
RE N W CAE . DAFRE B 100 4519 Ve %R (0.02
0.04 .0.06 .0.08 .0.10 mg/mL) VY BHMH: %} FE .
1.3 EIEAIE

RN AL S S F AT 3 IR DL PR S EG 1R 22, BX
PEAbF iz A Origin Pro 8.0 A SPSS 19.0 #4347,
2 HRE4HI
21 HNEZHEEE

SR FH AR — ik 12 12 0 45 7357 285 0 v A th 2R &1 (1=
1), 28kl 19 75 #2 & vy = 0.0643x + 0.0041, R> =

0.9978 , A5 RS ) Z2 0 & 50y (18.65% +£0.04% )
1.0p

R(%) = x 100

0.8

0.6

WL

0.4}

0.2F

0.0

6 g§ 10 12 14
HIZEBIAR S5 (ng/mL)

K1 ZhEeatbrkig

Fig.1 Standard curve of polysaccharide content

22 EBSEN4L
2.2.1 DEAE-52 214 AE)20T SR L0 LI 25
7K 0.2 F11 0.5 mol/L NaCl N¥EiHk , i BA B T35 e
EHTAE, 43 B AR B =PRI, B — A BRI S 25
YK VM , AR 6 T AR I AE — B RIS 18 45, Uk
B A AR BE DR T /5 43 8 2 B8 oK, id 2 PSP 28
AV IR S 0.2 mol/ L NaCl ¥ ¥ e I 45 31 1Yy 1) .
W AR 5 24~ 34 BRI, R T )5 15 2 Z 8 R
10l PSP2 ;48 = AN ¥Ei % K 0.5 mol/L NaCl ¥ 7% %
Mt A5 2 iy FL g, I EE 46 ~48 B BRI W 1C A PSP3
FEEEAE, & EAARR KRR ARG A ST )5
gralifl
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Fig2 DEAE-52 column chromatogram
222 WRVEEERET  LAZEIR K BRI 3 — 2P
alifp DEAE-52 4355 fir 45 208 PSP, 15 21 e it th £k 4n
P 3 B AT, BERAE GRS Bp— 0, ISR S~ 16 &
Ve AR 2R T 208 R , ic o PSP1- A, HL &2 #3645,

AR 4L Z 0 PSP1-A

4.0
35F
3.0F
@25k
S20f
X 15F
1.0F
0.5F
0.0

0 5 10 15 20
EHCE)
[€] 3 Sephadex G-200 J2HT 1M 2k

Fig.3 Sephadex G-200 column chromatographic elution curve

23 ERZEAELETE

2.3.1 PSP1-A W84 KR 508 PSPI-A 1)
L hh AP KT RN E 4 Bros . E 4 T, ks £
B4l fb4H 43 PSP1— A 7E 260 F1 280 nm Ab Jo W W %,
B A &A% 12 FN 2R 1 )51 A 4, 2% WO 22 0 1 I 2= 2
AT

190 200 390 490 590 690 790 890
A (nm)

K4 PSP1-A fy2Ahal I 4 i K3 ph 2R &

Fig4 UV-visible full spectrum scan of PSP1-A
232 PSPI-A 1943 TaIGE A SCRNAS 1 B0k 2
W g RN 803853+ 3 (Mn) 2 12.83 kDa, &
Y438 (Mw) 2 21.58 kDa, 4317 58 BE 38 40 PD 2Ny
1.68 , H: PD {EH7E/INTF 1.8, 3 i WH B 22 W40 101k A
FAHSI AT 2] o XU 53 B 493 DU A #OKS 205 2H 55,
ST RAAZEIR A, Mw 75 2.24~7.74 kDa i [ P4, High
A/ NF AR SIS AR 1 43 F i o
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1 PSPI-A B4y THH

Table 1  Molecular characterization of PSP1-A
B B¥afa @mEHsSE PD {H
" (Mn) (Mw) (Mw/Mn)
Fvies 12.83kDa 21.58 kDa 1.68
2.4 EUMKE(DS)HNE
2.4.1 FRERFEBUREEINE  DIGRFRAR 2 TRk BN

REARRR, A, — A, 22{H A2\ AL s A5 30 A o i £ 1] (1A
S), LM IH RN y = 0.7357x - 0.01122, R® =
0.9961 ¥ SPSP1— A {9 SGAE W A= H , 745 21 Hi
BRI E N 14.93% ,BUCEE N 1.44

051

00 01 02 03 04 05 06
R H R J% (mg/mL)
K5 Bl & E ARk
Fig.5 Standard curve of sulfonic acid content
242 BRWRACEBCEE MMIE R SO Z2 0575
PR T 5 — & 28 N 14 7 5 A % H Sk B0k

B ARPE AT B CPSP1I-A YU EE S 0.49,
2.5 LIMKIES

AT PSP1-A X f&Hif5 SPSP1-A CPSP1-A
BOLL AN GG 4y B N 6 B s . PSP1— A fF7F £ 8
HRAE W A U, 43 B FE 3424 2934 1640 1423 (1377,
1128 1029 879 #1809 cm ™' Kb 4HEWE, 7E 3424 cm ™
AbA B TRAR 5 i) R AR G, SR A AE S TRl O—-H
G5 PR 30 52934 em ™' FYREAE NI 5 40 F C— H R
AEPRBNA X 1640 em ' 4b R - OH 25 IR 3 5 |
1931423 (1377 em ™' ZFFAE = CH, A8 e g™ . fF
$¥ 250 1200~1000 cm ™' X [a] Y 4R AEIE 5 C-0-C
K C—O-H [y fifi 45 Pz sh A7 X7, X Z M AE 1128
1029 em ™' 4bA5 R IL C-O M4 IR 3, WEWTZ 20 R
NHIROE T . ZZBEAE 879 em ! AR AF AR RRAE WL Wi, HL
TE(840 +£8) cin"ﬁﬁ%thfmf%?ﬂ%%iuﬁ(m%,%U%ﬁizzﬂ%ﬂ

B (%)

4000 3500 3000 2500 2000 1500 1000 500
W (cm™)
K6 PSPI-A SPSPI-A CPSPI-A {4l 5hEitk
Fig.6 Infrared spectra of PSP1-A,
SPSP1—A and CPSP1-A
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e RIS g- RIS H{AR, 5 PSP1-A AL, SPSP1-A %
H 45 25 2l PSP Z B i 45 AE W i i S, FE 1260
812 em ™' Ah ML 3 W WL 0, 43 1] S AR XEFRR S = O i
iRl B C—O0—S PR sh 5| A iy me iz g >, 156 B
A LA WA, R i 2. CPSP1-A £
BELEAR B4 3415 cm ™' BfHIE O—H {145 $8 F1 2930 cm ™
BT C—H & A1 47 IR 20 55 R 4iE W 50 04 69 W) B, A
1604 cm ™' &b H B - COOCH, 19 C—H A2 i sh 5] it
B R AE I , 76 1328 em ' AR B C = O X RIS
P 20 5| A A AR AE W i 0 P LG HIE B CPSP Z2 4 rh
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